Objectives: This study aims to determine the effects of non-pharmacological therapies, namely balneotherapy, exercise, and the combined use of balneotherapy and exercise, on total myalgic score (TMS), sleep quality, health status, and signs of depression in patients with fibromyalgia syndrome, and to compare the efficacies of these treatment programs with respect to the above parameters. Patients and methods: A total of 120 female subjects (mean age 37.21±12.45 years; range 18 to 63 years) diagnosed with fibromyalgia were enrolled. The patients were randomized into three groups with 40 patients in each (group 1: balneotherapy group, group 2: balneotherapy + exercise group, and group 3: exercise group). The patients underwent the treatment program for five days a week for a total of three weeks. Clinical parameters, Fibromyalgia Impact Questionnaire, Pittsburgh Sleep Quality Index, TMS, and Beck Depression Scale were evaluated at pre-treatment and posttreatment periods, and at the third-month control visit. Results: There were no differences between the groups with respect to Fibromyalgia Impact Questionnaire, Pittsburgh Sleep Quality Index, TMS and Beck Depression Scale scores on pre-treatment evaluation, while the combined use of balneotherapy + aerobic exercise was more effective on TMS (p<0.001), health status (p=0.009), and level of depression (p<0.001) in post-treatment evaluation. A better state of well-being with respect to sleep quality was achieved by balneotherapy and balneotherapy + exercise groups. The third-month comparisons, on the other hand, demonstrated that the balneotherapy + exercise group had a greater state of well-being with respect to TMS (p<0.001) and general health status (p<0.001). Balneotherapy + exercise and exercise therapy benefited signs of depression to a better degree (p<0.001). Balneotherapy and combined balneotherapy + exercise therapy produced more effective results in terms of sleep quality (p<0.001). TMS regressed to near baseline levels (p=0.397), while Fibromyalgia Impact Questionnaire levels rose to near baseline levels at the third-month control in the exercise therapy group (p=0.070).
Fibromyalgia syndrome (FMS) is a clinical condition characterized by a constellation of multiple symptoms, such as fatigue, sleep disturbance, impaired cognitive function, and depressive episodes, in addition to chronic diffuse pain and lowered pain threshold. 1 While its prevalence in adult populations reportedly varies between 0.66% and 10.5%, its prevalence in the Turkish population ranges between 3% and 6%. 2, 3 Despite the lack of clear evidence of its etiology, it is believed to originate from a disturbance in the neurobiological stress system (hypothalamo-pituitary-adrenal axis, sympathetic nervous system, and neurotransmitters). These disturbances reduce the amino acid levels of biological amines and increase the concentrations of excitatory neurotransmitters including substance P. According to this hypothesis, fibromyalgia emerges as a result of the sensitization of the central nervous system. combined use of pharmacological and nonpharmacological treatment approaches for pain density, functional state, and related depression, fatigue, and sleep disturbance symptoms. [5] [6] [7] [8] The recommended non-pharmacological treatment approaches include spa therapies such as balneotherapy and/or mud therapy, exercise, physical therapy, massage, acupuncture, homeopathy, diet, and behavioral therapies. [8] [9] [10] [11] [12] [13] [14] In this study, we aimed to determine the effects of non-pharmacological therapies, namely balneotherapy, exercise, and the combined use of balneotherapy and exercise, on total myalgic score (TMS), sleep quality, health status, and signs of depression in patients with FMS, and to compare the efficacies of these treatment programs with respect to the above parameters.
PATIENTS AND METHODS
One hundred and twenty female patients (mean age 37.21±12.45 years; range 18 to 63 years) with FMS according to the American College of Rheumatology 2010 diagnostic criteria 15 were enrolled between January 2015 and July 2015 from among patients who admitted to Department of Physical Medicine and Rehabilitation Clinic at Ahi Evran University Medical School. The patients were randomized into three groups with 40 patients in each (group 1: balneotherapy group, group 2: balneotherapy + exercise group, and group 3: exercise group). The study included patients who had experienced no modification of pharmacological treatment over the last three months; in addition, no changes were made to the pharmacological regimens of any subject until after the follow-up visit which occurred three months after the end of therapy. Hemogram, sedimentation rate, biochemistry, urinalysis, and thyroid function tests were obtained before the start of the study, and patients with abnormal results were excluded. Furthermore, patients who had cardiac, respiratory, gastrointestinal, renal, or hematological disorders and neurological, or psychiatric disorders too severe to allow participation in balneotherapy or exercise program were excluded. Pregnancy or cancer, having advanced osteoarthritis, joint malformation, spinal disorders, or trauma within the last three months, inflammatory rheumatic disorders, history of smoking, having had modifications related to fibromyalgia medications within the last three months or alcohol intake were also among exclusion criteria. Moreover, patients who were in a physical therapy program within the last year were also excluded. During the study period, 11 patients quit the study of their own accord or were excluded for not attending clinic appointments. Group 1 completed the study program with 37 subjects, group 2 with 36 subjects, and group 3 with 36 subjects. The study protocol was approved by the Turgut Özal University Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
The patients in groups 1 and 2 were assigned to a 20-minute balneotherapy program five days a week for a total of 15 sessions at 42±1 °C in Kırehir Terme oligometallic thermal water containing a total mineralization content of 556 mg/L bicarbonate, 98.2 mg/L sulphur, 34.5 mg/L magnesium, 226 mg/L calcium, 232 mg/L chlorine, and 2.6 mg/L fluorine. Group 2 was also administered an aerobic exercise program five days a week for a total of 15 sessions, which initially started with 25 minutes and was extended to 35 minutes one week later in a gradual intensification pattern. The exercise program included muscle stretching, strengthening and relaxation exercises with few repeats to increase heart rate by 60% to 70%, particularly involving muscles of the cervical, thoracic, and lumbar regions. Group 3 was only administered an exercise program as described above.
The patients were evaluated by a single researcher at both the pre-and post-treatment (PoT) periods, and at the third-month control. Evaluations were blinded to which treatment protocol patients had been assigned. Assessment parameters were calculated as follows; 1-Functional status was calculated with the Fibromyalgia Impact Questionnaire (FIQ), which measures 10 different features, namely physical disability, feeling good, loss of work day, difficulty in working, pain, fatigue, feeling fresh, stiffness, anxiety, and depression. 16, 17 2-Sleep quality was calculated with the Pittsburgh Sleep Quality Index (PSQI), developed by Buysse et al. 18 The validity and reliability study of the scale was conducted by A¤argün et al. 19 PSQI is a 19-item, self-rated measure assessing sleep quality and disturbance during the past month. Each item of the test is equally scored from 0 to 3 points. The scale is composed of seven subscales assessing subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. A total PSQI score of 0 to 21 is obtained by summing the subscale scores. A total PSQI score greater than five indicates a lower sleep quality and severe disturbance in at least two, or moderate disturbance in three of the above-mentioned domains with a sensitivity of 89.6% and a specificity of 86.5%.
3-Symptoms of depression were calculated with the Beck Depression Scale (BDS). This is a scale composed of 21 questions to define levels of depression. Each question receives a point between 0 to 3 in increasing order so that the total score (0 to 63) can be calculated. The higher the total points, the more severe the depression. 20.21 4-According to American College of Rheumatology diagnostic criteria, pressure pain threshold values of 18 tender points and four control points were measured in Newton/cm 2 with a J tech algometer (J-Tech Medical Industries, Salt Lake City, UT) to calculate the TMS. [22] [23] [24] Flowchart has been depicted in Figure 1 .
Statistical analysis
IBM SPSS version 20.0 (IBM Corporation, Armonk, NY, USA) software was used for statistical analyses. Measured data were described as the arithmetic mean ± standard deviation, whereas categorical data were described as percentages (%). Normal distribution of measured data was examined by Kolmogorov Smirnov test. If the data were normally distributed when comparing both groups, Student's t test was employed. If the data were not normally distributed, MannWhitney U test was employed. Qualitative data comparisons of groups were performed using the Chi-squared test. One-way ANOVA test was used for inter-group comparison of normally distributed variables for repeated measures. A statistical level of significance was accepted at p<0.05.
RESULTS
The mean age of the 109 patients who completed the study was 36.62±11.26 (range 18 to 63 years) years. Groups were similar with respect to demographic data and baseline evaluations (Tables 1 and 2 ) (all p>0.05). However, all groups improved significantly with respect to FIQ, PSQI, TMS, and BDS scores at PoT (all p<0.05) and these improvements persisted in groups 1 and 2 at third-month control (all p<0.05) ( Table 2) . On the other hand, there was no significant difference between pre-treatment and third-month FIQ (p=0.070) and TMS (p=0.397) scores in group 3.
Significant differences were not observed between groups 1 and 2 with respect to FIQ (p=0.0820) and PSQ (p=0.404), and between groups 1 and 3 with respect to BDS (p=0.291) at PoT. Similarly, there were no significant differences between groups 1 and 2 with respect to PSQI and between groups 2 and 3 with respect to BDS at third PoT month (all p>0.05) (Tables 2).
Although groups 1 and 2 had better scores than group 3 in terms of FIQ, PSQI, and TMS at PoT and third-month control (all p<0.05), only BDS in groups 2 and 3 were better than group 1 at PoT and third-month control (all p<0.05) ( Table 2 ). A total of 120 female patients were enrolled by the study according to ACR 2010 diagnostic criteria. The patients were randomized into three groups. They were evaluated with FIQ, PSQI, TMS and BDS scores before the treatment Group 1 15 sessions of balneotherapy (n=40) Three patients were excluded (quit the therapy or were lost to follow-up) (n=37)
Four patients were excluded (quit the therapy or were lost to follow-up) (n=36)
The patients were evaluated with FIQ, PSQI, TMS and BDS scores at the end of the therapy and at three months 
DISCUSSION
In this study, we aimed to determine and compare the efficacy and duration of effect of aerobic exercise and balneotherapy alone or in combination, the two non-pharmacological treatment methods recommended in addition to pharmacological therapy. Although some previous studies have evaluated the efficacy and duration of effect of balneotherapy and exercise, to our knowledge, our study is the first to administer these two treatment methods in combination and compare their efficacies.
The goals of fibromyalgia treatment are to alleviate pain, increase restorative sleep, decrease depression symptoms, and improve physical function through a reduction in associated symptoms. 24 Recommended therapies in conjunction with medical therapy include balneotherapy and aerobic exercise. The American Pain Society and the Association of the Scientific Medical Societies in Germany gave the highest level of recommendation, "A", to aerobic exercise and a strong recommendation of "B" to balneotherapy. 25, 26 The European League Against Rheumatism gave the highest level of recommendation of "B" to aerobic exercise and a recommendation of "C" to balneotherapy. 27 Neumann et al. 28 reported beneficial effects on FMS-related symptoms and on quality of life in FMS patients who have undergone balneotherapy. American College of Rheumatology diagnostic guideline states that balneotherapy is effective on fibromyalgia symptoms for a duration of three months. 29 In a study examining the effects of balneotherapy on FIQ score, number of painful points, and Beck depression scores, Evcik et al. 30 found significant improvements in all three parameters after the treatment; they detected a lower FIQ score and number of painful points at sixth month follow-up compared to baseline, although Beck depression scores rose to near baseline levels.
Similarly, a study by Dönmez et al. 31 demonstrated that balneotherapy was effective on FIQ scores, sleep disturbance, and number of painful points compared to baseline at even the sixth month.
Our study also demonstrated a significant reduction in FIQ scores after the therapy in all three treatment programs in which balneotherapy, exercise, and both were used, with the greatest benefit seen in the group in which balneotherapy + exercise were used together. This was followed by the group that received only balneotherapy. Although these two groups showed increased FIQ scores at the third-month control, no significant difference was found between PoT scores. However, the group that only received exercise therapy had FIQ scores that rose to near baseline levels. While the three treatment programs were found effective on TMS, the combined application of balneotherapy + exercise was again the most effective treatment according to PoT evaluations. On the other hand, in group 3, in which patients were only administered the exercise program, TMS scores reduced to near baseline levels.
As for signs of depression, all three groups demonstrated significant improvement in PoT BDS scores, although the best results were achieved by the group exposed to the combined use of balneotherapy + exercise. No significant difference was observed between the balneotherapy only and exercise only groups. No significant difference was found between the third month BDS scores and PoT scores in the exercise only group, either. Moreover, there was also no significant difference between the BDS scores of the combined balneotherapy + exercise group and the exercise only group. From these results, we may infer that balneotherapy is more effective in the early term, while exercise therapy becomes more effective over the long-term.
A study comparing the efficacy of in-water exercise and balneotherapy applied for three days a week for 12-weeks demonstrated that the effect of exercise therapy on sleep quality continued at six-months. 32 In our study, an evaluation of sleep quality revealed that all three groups had significantly improved PoT scores. The best results were achieved by group 2 in which balneotherapy + exercise were applied together. The comparison of pre-treatment scores and third-month scores revealed that all groups continued a state of well-being compared to the baseline. Furthermore, no significant difference was observed between the combined balneotherapy + exercise group and the balneotherapy only group with respect to PoT and third-month scores. According to our results, the best results at third month control were achieved by balneotherapy and balneotherapy + exercise groups. We are of the opinion that the discordance between the previous reports 32 and our study may have originated from the short exercise duration in our study.
Martin et al. 33 observed improved parameters of aerobic fitness, tender points, and TMS with an exercise program of six weeks, compared to a relaxation program group, and they suggested that even better results could be obtained with longer exercise periods. Aerobic endurance exercises for 12 weeks were found to have a positive effect on the fitness and well-being of FMS patients. 34 Vural et al. 35 reported that aerobic exercise in the form of a six-week home program was effective on sleep quality, physical function, and signs of depression in patients with fibromyalgia.
In another study examining the effect of a nine-month aerobic group exercise program, it was shown that signs of depression were reduced, and physical signs and social relations were improved. 36 Our study also demonstrated that balneotherapy and exercise therapy modified the signs of depression. Furthermore, according to the results of our study, it may be suggested that exercise therapy has a more durable impact on the signs of depression.
The mechanisms responsible for the analgesic effect of exercise on fibromyalgia are not clearly understood, despite the results of several studies which consistently showed an increased pain tolerance and threshold and a lowered rate for the intensity of a given pain stimulus following exercise. It is a widely accepted hypothesis that activation of the endogenous opioid system during exercise plays a key role in the analgesic response mechanism. 37 An analgesic effect of exercise may also help break the vicious cycle of ''pain-immobility pain'' by encouraging patients to participate in the exercise programs. Exercise may also increase the well-being of patients by preventing muscular hypoxia in FMS patients. 34 Another positive effect of regular exercise is improved sleep quality. 38 Other studies related to exercise showed that, compared to other exercise types, aerobic exercise was more effective on sleep, number of painful points, pain, and signs of depression. 39, 40 Although the exact impact of balneotherapy on fibromyalgia is unclear, Ardıç et al. 41 demonstrated decreased levels of anti-inflammatory markers interleukin 1 (IL-1), prostaglandin E2, and leukotriene B4 after 15 sessions of balneotherapy in 44 patients with fibromyalgia. In addition, the beneficial effects of heat and mineral content on the human body, particularly on the musculoskeletal system, endocrinological system, and pain pathways, are well known 14 and include increased plasma endorphin and cortisol levels, activation of the diencephalic-pituitary-adrenal axis, and decreased plasma levels of several inflammatory mediators (IL-1, IL-6, prostaglandin E2, leukotriene B4, tumor necrosis factor-alpha). 42 Furthermore, the anti-inflammatory effects of sulphur baths have been previously demonstrated by some studies. 43 Sulphurous spa waters seem to exert a potent inhibitory action on the production of cytokines, especially IL-2 and interferon gamma. As these cytokines are mainly produced by CD4 lymphocytes, it may be hypothesized that memory T cells are the principal targets of sulphur-rich waters. The application of sulphurous water reduces the capacity of memory T cells to proliferate and produce cytokines, thus resulting in an alteration of immune response. 44 We believe that Kırehir thermal water has a higher antiinflammatory action as a result of a sulphur content of 98.2 mg/L.
A limitation of this study was that the patients were not followed-up for more than three months. Therefore, we were unable to show the long-term effects of treatments. Another limitation was the small samples sizes. Thus, further studies with larger sample sizes are required.
In conclusion, our study has demonstrated that the combined treatment of balneotherapy and aerobic exercise was more effective and demonstrated longer duration of effects on clinical parameters in patients with fibromyalgia. By this treatment modality, a greater and more sustained improvement may be achieved in clinical parameters, reducing the burden of medications.
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